Translocation of proteins into rat liver mitochondria. Existence of two different precursor polypeptides of liver fumarase and import of the precursor into mitochondria.
Two different putative precursor polypeptides of rat liver fumarase were synthesized when RNA prepared from rat liver were translated in vitro using the rabbit reticulocyte lysate system. One of these putative precursor polypeptides (P1) was synthesized as a larger molecular mass than the mature subunit of fumarase (45,000 daltons) by about 5,000 daltons and the other (P2) had the same molecular mass as the mature enzyme. When the 35S-labeled cell-free translation products were incubated with rat liver mitochondria at 30 degrees C, P1 and the 35S-labeled mature size fumarase were associated with the mitochondria. Of these, the 35S-labeled mature size fumarase was resistant to externally added protease, but P1 was not, indicating that the 35S-labeled mature size fumarase was located in the mitochondrial matrix. The following observations strongly suggested that the 35S-labeled mature size fumarase in mitochondria was derived from P1, which was energy-dependently imported and concomitantly processed to the mature size. 1) The amount of the 35S-labeled mature size fumarase recovered from the mitochondria increased proportionally to the duration of incubation, while the amount of P1 recovered from the post-mitochondrial and mitochondrial fractions decreased with the duration of the incubation. 2) Only P1 could bind with the mitochondrial outer membrane at 0 degrees C even in the presence of an uncoupler of the oxidative phosphorylation but P2 did not. 3) P1 bound to the mitochondrial outer membrane was imported into the matrix, when the mitochondria binding only P1 at 0 degrees C was reisolated and incubated at 30 degrees C in the presence of an energy-generating system. The specific receptor was involved in the binding of P1 to mitochondria, since a high concentration of NaCl did not interfere with the binding of P1 to the membrane and did not discharge P1 bound onto the membrane. It was shown that P1 formed an aggregate composed of 6 to 8 molecules and P2 was a dimer in the cell-free translation mixture and that P1 and P2 were enzymatically inactive. These results suggest that the precursor for the mitochondrial enzyme has a larger molecular weight than that of the mature enzyme, whereas the precursor for the cytosolic enzyme has the same molecular weight as the mature enzyme.